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AHHOTaiJ,H5I 

HacTOHirj,aH pa6oTa o6o6maeT npeflinecTByiOHrHe pa6oTbi aBTopa [I], [2], [3], [4], [5], [6] 
h OTKptJBaGT d;hkji pa6oT no o6in,en nocTaHOBKe n peineHHio b aHajinTnnecKOM Bii^e KBaH- 
TOBOMexaHHHecKoli o6paTHOii 3a,a;aHH pacceaHHH (npn (piiKCirpoBaHHOM op6irrajibHOM mo- 
Me-HTe) b HeTpaflHrj;HOHHOH nocTaHOBKe: no ^aHHtiM paccesnnra BOceraHaBjinBaeTCH Heno- 
cpeflCTBeHHO BOjiHOBaa (pymcnHH pacceflmifl b HMnyjitCHOM npeflCTaBjiemiii. HaftfleHHoe 
pemeHne stoh sa^ann 3a,a;aeTC5i ceMencTBOM (pa30B03KBHBajieHTHtix bojihobbix (pyHKi^nn c 

HBHO KOHTpOJIHpyeMBIM CpyHKI^HOHajIBHO-napaMeTpHHeCKHM npOH3BOJIOM. ,ZIaHHbIH npoH3- 

boji cooTBeTCTByeT npoH3BOJiy Bbi6opa cpa30B03KBHBajieHTHbix HejiOKajibHbix noTeHD^najiOB 
h o6ycjiaBjiiiBae-T Heo6xoflHMOCTb BKjnoHemifl b nojraoe onucamie KBaHTOBOMexaHiinecKiix 
cncTeM HeKOTopbix ,a;onojiHHTejibHbix npeflCTaBjieHiift KBaHTOBoft Teopim H3MepeHiiH. Ma- 
TeMaTnnecKHH annapaT pa3BHBaeMoro noflxo^a njunocTpnpyeTCH Ha npnMepe onncaHnsi 
HyKjiOH-HyKjiOHHoro B3aHM0,i];eHCTBHH b HecBH3aHHbix napnnajibHbix KaHajiax. 
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"Pokoboh nopoK MarHH 3aKJiK)HaeTca He b o6meM flonymeHHH 3aKOHOCoo6pa3Hon no- 
cjie^OBaTejibHOCTH coGmthh, a b coBepineHHO HeBepHOM npe^CTaBjieHHH o npnpo^e 
nacTHbix 3aKOHOB, KOTopbie 3toh nocjie^OBaTejiBHOCTBio ynpaBjiaiOT. Ecjih no^Bepr- 
HyTB aHajiH3y HeMHorne npmviepbi, to o6Hapy>KHTca, uto ohh aBjiaiOTca HenpaBHjib- 
hmmh npHMeHeHHaMH oflHoro H3 flByx (pyHflaivieHTajibHbix 3aKOHOB MbiniJieHHa, a HMeH- 
ho accoirnaiiHH nfleii no cxo^CTBy h acconnaiiHH H^efi no cmokhocth b npocTpaHCTBe 
n bo BpeMeHH... Caivra no ce6e sth npHHiinnbi accon,nan,nn 6e3ynpenHbi n a6cojiiOT- 
ho Heo6xo^HMbi pjin cbyHKiiHOHHpoBaHHa nejiOBenecKoro HHTejuieKTa. Hx npaBnjibHoe 
npnivieHeHHe ,naeT Hayxy; nx HenpaBnjibHoe npnivieHeHHe ,naeT He3aKOHHopo>K^,eHHyio 
cecTpy HayKH - Marnio." 

(James George Frazer, "The Golden Bough", 1st ed, Cambridge, 1890) 



1 KomjenijHa co3HaHHa h KBaHTOBaa Teopna H3MepeHHH 

B nejin n KOHenHbie 3a^ann onncaHna cnjibHO-B3aHMO^,encTByioru,Hx ^ByxnacTnnHbix CHCTeM n 
sjieKTpoMamHTHbix n cjia6bix nponeccoB c nx ynacTneivi cpH3HKH-3KcnepHMeHTaTopbi, (dh3hkh- 
TeopeTHKH n MaTeiviaTHKH 5ibho hjih HeaBHO nonTH Bcer^a BKJiaflbiBaiOT coBepnieHHO pa3Hbin 

CMblCJI. 

Bo-nepBbix, 3to Hen36e>KHO oST-acHaeTca MHorHMH npnnnHaMH, CBa3aHHbiMH KaK c yrjiy6- 
jiaionrHMca pacKOJiOM MaTeiviaTHKH h cdh3hkh k&k hkoSm caiviocToaTejibHbiMH o6jiacTaMH no- 
jiyneHna h/hjih KjiaccHCpHKainiH 3HaHHH, Tax h cncTeMon MaTeMaTHuecKoro h dpH3nnecKoro 
o6pa30BaHna (b tom uncjie o6pa30BaHna, nocTynaiomero nepe3 cnen,najiH3HpoBaHHbie Hayn- 
Hbie >KypHajibi n sjieKTpoHHbie >KypHajibi), cbaKTnuecKn yrjiySjiaiomeii HMeioinHHca pacKOJi h 
bo MHornx cjiynaax cofleiicTByionieH He ctojibko npnoSpeTeHHio hobmx 3HaHHii, ckojibko yTpa- 
Te y>Ke HMeroinnxca 3HaHHH. (B no^TBepjK^eHHe 3,n;ecb ^ocTaTOHHO tojibko oneHHTb CTeneHb 
BOCTpeSoBaHHOCTH MHornx snoxajiBHbix paSoT no KjiaccnnecKon n KBaHTOBoii MexaHHKe.) 

Bo-BTopbix, b 3HanHTejibHoii CTeneHn ^jih MaTeMaTHKa onncaHne (pH3nnecKnx npoueccoB 
3aKjnonaeTca b nocTpoeHnn demepMUHupoeaHHOU npe^ejibHO aKCHOMaTH3npoBaHHOH (3aMKHy- 
toh) cncTeMbi HeKHx o6pa30B n HeKoeii cxeMbi ncuncjieHna 3thx o6pa30B. /JajibHenniee 0606- 
nieHHe pa3BHBaeMoro cbopMajin3Ma ,a,o HeKOToporo o6o6nieHHoro MeTaa3biKa MoaceT ,na>Ke aB- 
jiaTbca y>Ke caivionejibio n He nivieTb HHKaKoro OTHonieHHH k H3HanajibHOH (pH3HaecKOH nocTa- 
HOBKe 3aflann. IlocjieflHee pa3yivieeTca hh b Majienniefl CTeneHn He MOJKeT cnyacHTb npnaHHon 
KaKHx-jm6o KpnTnnecKHx 3aMenaHHH - jiioSaa Teopna aBjiaeTca o6T>eKTOM coScTBeHHoro MHpa 
Ha6jiK>naTejia n BnpaBe BOcnpnHHMaTbca Ha6jno,naTejieM Ha paBHbix npaBax c flpyraMH o6T>eK- 

TaMH. □ 

1 HiiJKe b ,i;aHHOM nyHKTe mm He npecne^yeM nejin KOHrjenTyajibHoii kphthkh KaKHx-jin6o o6iii;hx nanojKeHHH 
KBaHTOBOH MexaHHKH. Mbi aKueHTnpyeM BHHMaHne TOJibKO Ha Tex IIOJIOJKeHHaX H HX TpaKTOBKe , KOTopbie 6y^,yT 
cymecTBeHHO Hcnojib30BaHbi b cneflyiomHx nyHKTax HacToameii h norae^yroirnix 3a Heii pa6oT npn BbiBO^e h 
HHTepnpeTau,HH tohhoto aHajiHTH^ecKoro npe^CTaBJieHHa pjisi bojihoboh cbyHKHHH CHJibHO-B3aHMcyieHCTByiomeH 
flByx^acTH^Hoii CHCTeMM. 

2 "According to the positivist philosophy of science, a physical theory is a mathematical model. [...] In the 
standard positivist approach to the philosophy of science, physical theories live rent free in a Platonic heaven 
of ideal mathematical model. That is, a model can be arbitrary detailed, and can contain an arbitrary amount 
of information, without affecting the universes they describe." Stephen W. Hawking, "Godel and the End of 
Physics," talk at the Dirac Centennial Celebration, Cambridge, July, 2002. 
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C tohkh ace 3peHHa (J)H3HKa MHorae H3HaHajibHbie Tpe6oBaHHa MaTeiviaTiiKa k nocTpoemiio 
MaTeMaTH^ecKOH MO,nejiH paccMaTpnBaeMbix cpH3nnecKnx nponeccoB aBjiaiOTca "apxnTeKTyp- 
hbimh H3JiiiniGCTBaMH ". K TaKOBbiM othoc3t 3anacTyio, HanpnMep, 

(1) iiccjieflOBaHiie KJiaccoB raa^KOCTH KOScpcpnnneHTHbix (pyHKiinii n penieHnn bbojiioiihoh- 
hmx (flimaMHHecKiix) ypaBHeHHii - npn tom (hto ecjin 3to Heo6xoflHMO ,ajia npoflBHJKeHiia 
b nocTpoGHiiii mo^cjih) npe,niiojiaraeTca, hto Jiio6aa noflxoflamaa "KjiaccoBaa npHHa^Jie>K- 

HOCTb" HMeeT MeCTO, 

(2) npoSjieMbi HH(ppaKpacHbix n yjibrpacpnojieTOBbix pacxo^HMOCTeii, KOTopbie npnBHOcaTca 
b Teopiiio (paKTHnecKH pyKaMH (BCJie^CTBHe npnivieHeHHa Teopnn BHe oSjiacTH nx peajib- 
hoh npHMGHHMOCTH n anejiJiannn k oneHb onacHbiM no pa3pyinnTejibHOCTH nocjie,ncTBHH 
fljia Teopnn - cm. ,a,a.jiee n. 2 - a6cojnoTH3npoBaHHbiM npe,acTaBjieHHnM o "6ecKOHenHo" 
ynajieHHbix in-out cocTonHnax pacceaHnn n a6cojnoTH3npoBaHHOH y6e>K,neHHOCTH b Heno- 
rpeniHMOCTH HCHiicjieHiia 6ecKOHeaHO-Majibix. 

B KanecTBe KOMMeHTapiia k n. (1) 3aMeTiiM, hto BCJie,acTBiie (popMajiBHoro "npeHe6pe>Ke- 
hhh" CBOHCTBaMH rjia,nKOCTii pi aciiMnTOTiiaecKoro noBe^eHHa nojiyneHHbie aHajiHTnaec.Kne pe- 
nieHiia MoryT He TOJibKO He noKa3biBaTb npe^nojiaraBHieiica rjia^KOCTii, ho h oSjia^aTb pa3- 
pbiBHOii CHHryjiapHoii CTpyKrypoa. KaK npaBHJio nofloSHbie pe3yjibTaTbi npeflCTaBJiaiOT HeoSbi- 
HafiHbiH HHTepec, a H3yaeHiie CTpyKTypbi ciiHryjiapHOCTeii h dunaMUKU hx pa3BHTiia MOJKeT 
BnojiHe onncbiBaTb peajibHyio (bo3mo>kho Ty me) (pH3iiaecKyio CHCTeMy b TepMHHax ,npyroro 
MeTafl3biKa. 

CBO,aa BMecTe npnBe,n,eHHbie Bbinie h Haii6ojiee 3HaaiiMbie ,njia Hac npe,nnocbijiKii, npn no- 
cjie,a,yiOHieH nocTaHOBKe MeTO,na o6paTHoii salami pacceaHiia pa3,nejiaeMbie hsmh 110311111111 mo- 
THBHpyiOTca cjieflyiomHM o6pa30M. 

B (popMHpoBaHHH ^yajibHOH KBaHTOBoit napbi {Keanmoeoe co6umue — ► Keanmoeuu o6t>- 
eKm} b KanecTBe nepBopo^Horo HaMii paccMaTpiiBaeTca KBaHTOBoe coSbiTiie. [f| 

JJp HeKOTopoii CTeneHH 6jiii3koh KjiaccnaecKoii aHajioraeii TaKoro no^xo^a aBjiaeTca pac- 
CMOTpeHHe oSbiHHoro a3biKa c HHBepcnoHHbiM nopaflKOM pacnojiojKeHHa nofljieacaHiero (o6t>- 
ckt) h CKa3yeivioro ((pyHKiina ^eiiCTBHa) - aiiTaTejib MoaceT paccMOTpeTb npoH3BOJibHoe npe^- 
jiojKeHne, nepeiviecTHB CKa3yeivioe Ha nepBoe MecTO, h y6e,oHTbca, hto HH(popiviaTHBHOCTb npe,n,- 
jio>KeHHa npn stom oinyTiiMO MeHaeTca b CTopoHy oniicaHiia npocTaHCTBeHHO-BpeMeHHOH npo- 
Ta>KeHHOCTH npoiicxo,naiiiero (fleiiCTBiia). Kor,na npe,ncTaBjieHiie o noTeHiniajibHOM nojie B3aii- 
MOfleilcTBHa (zjiazoA ,neHCTBiia) CTaBHTca Ha nepBoe MecTO, (pyHKinia oS^eKTa (BbiCTynaioiiiero 
KaK nodAeofcamee cooTBeTCTByioiHero MeTaa3biKa TeopHn) coctoht b KOHCTaTaiiHH h nepeHOce 
SToro fleficTBHa. 

Ha ypoBHe MeTaa3biKa cpii3HaecKoii TeopHH nepexo^ ot napbi { o6T>eKT — > coSbirae } k nape 
{ coSbiTne — > o6teKT } aHajiornneH Oypbe npeo6pa30BaHHio b KJiaccnnecKOM aHajiH3e (nepexo- 
^y ot KOHcpnrypannoHHoro k HMnyjibCHOMy npe^CTaBjieHnio) , nTO HecoMHeHHO ^,oji>kho SbiTb 
CBa3aHO c (popMnpoBaHneM SoraTbix TonojiornnecKnx n ^HHaMnnecKHx CTpyKTyp MeTaa3bi- 
Ka. B nacTHOCTH, npn ^yajibHOM paccMOTpeHnn napbi { oG^eKT <-> coSbiTne } HanpaninBaeTca 
BBe^Hne noHaTna aTJiaca noKpbiTnn MeTaa3biKa n cooTBeTCTByiomen flH(p(pepeHii,HajibHOH n to- 
nojiornnecKon CTpyKTyp, b tom nncjie ^Jia peryjiapHoro H3yaeHna npo6jieM Tnna KaTacTpo(p. 

3 "The world is the totality of facts, not of things." L. Wittgenstein, Tractatus Logico-Philosophicus [1922], 
Routledge & Keagan, London, 1955. 
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BjII13K0e K 3T0H HaeOJIOrHH H3JIOJKeHHe npilJIOJKeHHH TOnOJIOrilHeCKHX MeTOaOB K HCCJieflOBa- 
HHK) JIHHrBHCTHKH (paBHO KaK H HaoSopOT) MOJKHO HaHTH B 3aMeaaTejIbHOM o630pe [7]. 

^eTepMHHHCTCKoe BOcnpnaTHe OKpyacaioajero Miipa - b tom Baae omicaHiia aepe3 onryaje- 
hhh, KaK 3to npacyme BOcnpiiHiiMaTb aejiOBeKy, T.e. aepe3 nonbiTKy CBecTa oco3uauue (,a,HHa- 
MH^ecKHH npoaecc) k co3HaTejibHO ynpomeHHOH KjiaccacpaKainia coSmthh b TepMimax (cTaTH- 
aecKax h H3HaaajibHO "cBo6o^,Hbix") o6$eKmo6, B3aaMO,i],eHCTBHe kotopbix aBjiaeTca y>Ke aeM-TO 
BTopiiHHbiM, npn Kaacyajea HenpoTHBopeaaBOCTH onacaHaa (pa3aaecKax aBJieHaft Ha ypoBHe 
KJiaccH^ecKOH MexaHHKH, npeacTaBJiaeTca oaHaKO HMeHHO TeM hctohhhkom npoTHBopeaaii, ko- 
Topbie npacyma KjiaccaaecKoa MexaHHKe a TaHyT 3a coSofl nijieacp npoTHBopeaaii b KBaHTOBofi 

(pH3HKe. 

Co BpeMeHH CTaHOBjieHHH Hbiotohobckoh MexaHHKH b ee OKOHHaTejibHoft cpopivie, npefl- 
CTaBjieHne o KjiaccaaecKoa cncTeivie ceo6odnux MaTepnajiBHbix Teji hbjihjiocb HyjieBbiM npa- 
6jiH>KeHHeM onacaHaa jho6oh ^HHaMHHecKOH CHCTeMbi. B3aHMO^eHCTBHe paccMaTpHBaeTCH npn 
3tom KaK emopuHHtiu B03Mym;aioiii;HH (paKTop, yaeT KOToporo apaBoaiiT k aiiHaMHaecKOMy H3- 

MeHeHHK) COCTOHHHH CHCTeMbi, a npUHUHHO-CJiedcmeeHHCLtt C6fl3b pa3JIHHHbIX (cTaTHHeCKHX B 
KajKflblH $UKCUp06aHHUU MOMCHT BpeMeffll) COCTOHHHH CHCTeMbi OnpeaOJiaeTCa flHHaMHHeCKH- 

mh ypaBHeHHHMH ^BHJKeHHH. OjjaaKO roBopHTb o aajiaaaa ceo6odno20 MaTepnajibHoro Tejia 
mojkho TOJibKO npn Hajinaaa OHoro, to ecTb npn aajiaaaa HeKHx pezyjiapno nocTynaiomnx B 
npneMHbie peuenTopbi noemopniomuxcH (BOcnpoa3BO,naMbix bo BpeMeHii) npii3HaKOB, aaioarax 
yKa3aHne Ha cynxecTBOBaHiie ^aHHoro o6T>eKTa - to ecTb, npn Hajiaaaa HeKOToporo ap3apo- 
BaHHoro (KBaHTOBoro, oSycjiOBJieHHoro KaKiiM-Jin6o B3aaMoaeacTBaeM) nomona 603deucmeuH c 
^aHHbiM o6T>eKTOM. TJajiee o MaKpocKoaaaecKax o6T>eKTax KaK BMeaao 06 o6T>eKTax mm 6y^eM 
roBopHTb TOJibKO b yKa3aHHOM CMbicjie - to ecTb, MaKpocKoaaaecKae o6T.eKTbi (aacTpyMeaT 
Ha6jnoflaTeji5i) acconaapyiOTca c ycToaaaBbiM (noBTopaioniriMca KaKoe-TO KOHeaHoe BpeMa) 
KeanmoeuM iiotokom ManpocKonuuecKux coSmthh. 

PeryjiapHbifi noTOK noemopjiwmeucfi b TeaeHae KaKoro-JiaSo KOHeaHoro BpeMeHii iiHcpop- 
Manaa aaeHTacpanapyeTca b KBaHTOBOM nponecce oco3HanuM KaK ycToanaBOCTb HeKOTopo- 
ro co6biTiia, OToacaecTBJiaeMoro co3HaHiieM c hckiim oStjCktom, oSjiaaaioaiTiM oapeaejieHHbi- 
mh npunucueaeMUMU ejuy Ha6jiwdameAeM CBoiicTBaMH. Kaacymaaca cy6T.eKTHBHOCTb ^aaaoro 
yTBepat^eaaa mojkct 6biTb npoHjuiiocTpHpoBaHa cjieixyioinaM npiiMepoM, BCTpeaaBniaMca aB- 
Topy b jiHTepaType. Ecjib B3aTb jihct 6yMara, nocTaBHTb Ha hcm KapaH^aniOM ToaKy h oapo- 
CHTb npe^CTaBiiTejibHyio Bbi6opKy HaSjnoaaTejiea Ha apeaMeT aHTepapeTaaaa Toro, aTO ohh 
HaGjiioaaiOT, to BaaaMO HaaSojiee BepoaTHbiM otbctom a 6yaeT otbct, hto Ha jiHCTe apeacTaB- 
jieHa ToaKa. Ho cpeaa stoh reaepajibHoii bm6opkh BnojiHe mojkct OKa3aTbca o^hh Ha6jnofla- 
Tejib (a a priori y^ajiHTb ero H3 reHepajibHOH Bbi6opKH hhk<ikhm TecrapoBaHHeM no Popinaxy 
Bee paBHO He yjjacTca), kotopmh CKaaceT, hto Ha JiHCTe HapncoBaH bhjj, CBepxy Ha bh^ cSoKy 
KapTHHbi MajieBHaa "HepHbiii KBa^paT". To ecTb Bonpoc HHTepnpeTaHHH Ha6jnoio;eHHH - npn 
ycjiOBHH corjiacHH c TeM, aTO b npouecce HaSjiiofleHHa KajK^biii Ha6jnoia;aTejib opaeHTHpyeT- 
ca Ha cboh MeTaa3biK o6pa3HOH HHTepnpeTaHHH - sto caMOCTOHTejibHbiH Bonpoc. IlpHHHHn 
KOHBeHii,HOHajibHOCTH b npon,ecce HH^HBH)j,yajibHoro Ha6jno^eHHH HenpHMeHHM. 

^onojiHHTejibHO KaHOHH3npyeMoe ^eTepMHHHCTCKOH HbioTOHOBCKOH MexaHHKoii npe;j,CTaB- 
jieHne o MaKpo-npHHHHHOCTH (npHaHHHO-cjie^CTBeHHOH cbh3h) KaK o xapaKTepncTHKe onpe;j,e- 
jiaeMOH e^HHCTBeHHO BpeMeHHOH /(HHaMHKOH npon,eccoB (coSmthh) npHBO^HT k HHTepnpeTa- 

4 B npOTHBOnOJIOJKHOCTb aHTH^HMM npeflCTaBJieHHHM O npHHHHHO-CJie^CTBeHHOH CB33H KaK flJIH C06bITHH, TaK 

h ,a;jifl jioriiHecKiix aaKjiio^eHHii, BKjiiOHaiomeH b ce6a v i eHHOcmb h 3HanuMocmb sthx co6biTHii 11 3aKjnoHeHHii. 
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hhh HeKOTopbix ycTOHHHBbix co6umuu b TepMimax o6r>eKmoe. Ha Hani B3rjia^; (c tohhoctbio 
flo 3aMenaHHfl b nocjie^Hen CHOCKe) HMerao npon,ecc nepexo^a 

Keanmoeoe co6umue — > Keanmoeuu o6&eKm 

BTopiiHHbiii no OTHonieHHio k npoueccy 

Keanmoeoe eocnpunmue — > Keanmoeoe oco3nanue 

n onpe^ejiaeT rpaHHHbi pa3,a,ejia KBaHTOBon n KjiaccnnecKoii MexaHHK. YKa3aHHbie nponeccbi 
pa3^ejieHbi caMofl bosmojkhoctbio nx npoflBjieHHa: KBaHTOBoe co6biTne ecTb cyTb paccMOTpeHna 
TOJibKO npn ero noBTopneiviocTH (HeennHCTBeHHOCTn), Tor^a KaK oco3HaHne (pa3yM) Bbinejia- 
eTcn nivieHHO yHHKajibHon e^HHCTBeHHOCTbio bo3hhkhob6hhh n nposBJieHna. H nocKOJibKy mm 
HMeeM flejio Jinnib c c Hee^HHnnHbiMH, noBTopaioiHHMHCH SBJieHnaMH, to HaSop sthx HBJieHHH 
BbiCTynaeT KaK ancaM6Ab, BoenpnaTHe KOToporo pa3yMOM no3BOJiaeT npeo6pa30BaTb KBaHTO- 
bbih noTOK HH(popMan,nn b KjiaccnnecKyio HH(popMau,Hio o HBjieHHH c nocne^yioineH HHTepnpe- 
TainieH k hohhthio oS^eKTa. no3Hinia aBTopa no pa^y BonpocoB, CBa3aHHbix c yTOHHeHneM 
3thx nojio>KeHHH, 6jiH3Ka k paSoTe |8j. 

KBaHTOBaa MexaHHKa H3HanajibHO He co,a,ep>KHT napaMeTpa, onpe^ejiaromero rpaHHHbi ee 
npHMeHHMOCTH - 3TOT napaivieTp HBJiaeTca npnBHeceHHbiM Ha6jno,n;aTejieM n onpeflejineTcn bxo- 
flninnM b nojiHyio cncTeiviy KBaHTOBon Teopnn H3MepeHnn flHHaMnnecKHM cpaKTopoM oco3Ha- 
HHfl [8j. Toil Mepofi, b KaKOH onncaHne o6T>eKTa b TepMHHax yKa3aHHbix ,znicKpeTHbix xapaKTe- 
Phcthk h HenpepbiBHbix xapaKTepncTHnecKHx pacnpe^ejieHHii H^eajiH3HpyeTca Ha6jno,zraTejieM 
ya<e KaK HeKoe "a6cojnoTHoe" onncaHHe o6T>eKTa (b OTpbiBe ot HcnojiB3yeMoro Ha6opa Me- 
TacTpyKTyp MaTeiviaTHnecKoro annapaTa, aHajiH3a o6jiacTH npHMeHHMOCTH SToro annapaTa n 
pojin Ha6jnoflaTejiH b npouecce KBaHTOBoro H3MepeHHn) n onpeflejiniOTcn b nacTHOCTH MHorne 
Tpy^HOCTH, npncyiinie pa3JinnHbiM TeopeTHnecKHM MO^ejinM onncaHHa KBaHTOBbix CHCTeM. 

Mm npnflepjKHBaeMcn TaK»ce tohkh 3peHnn, hto MeTan3biK KBaHTOBon Teopnn ^ojiaceH 6biTb 
OTKpbiTbiM, TaK hto fljifl Hero MOJKeT 6biTb ccpopMyjinpoBaH o6T.eMjiionj;HH MeTaa3biK, BKjnona- 
ioihiih Bee noHflTna, o6T>eKTbi n yTBepa<^,eHHn, ho BKjnonaioiiniH TaK>Ke n HOBbie noHHTHa, o6t>- 
eKTbi n yTBep>K^i,eHHH, He co^ep>Kaiu,Heca b hcxo^,hom a3biKe. BeponTHO npn nocTpoeHHH jho6oh 
Teopnn Tpyzrno y^epjKaTbcn ot co6jia3Ha nocTponTb nivieHHO 3aMKnymyH) Teopnio, nonojmnB 
fljin SToro npn HeoSxo^niMOCTH Ha6opoM onopHbix aKcnoM n onopHbix oSteKTOB paccMOTpeHnn 
Teopnn. OTnacTH sto CTpeiviJieHne k ynopn^oneHHon KJiaccncpHKan^nn b paMKax onpe^ejieH- 

HOH 3aMKHyTOH TeOpHH HeOC03HaHHO CBH3aHO CO CTpeMJieHHeM C03HaHH5I k caMocoxpaHeHHio B 

ycjiOBHHx HejiHHenHoro HapacTaHna BHeniHero HH(popMainiOHHoro noTOKa. 

IloKa3aTejibHbiH npniviep k nocjieflHeMy 3aMenaHHio: r^e-TO Ha py6e>Ke 60-x n 70-x ro^OB 
npnivieHHTejibHO k HaynHbiM nySjiHKainiflM (npeHMymecTBeHHO b (pn3HnecKnx >KypHajiax) Ha- 
Sjnoflajiacb HHTepecHan 3aKOHOMepHOCTb, KOTopan Ha cero^Hn npeflCTaBJineT yjxe HeKoe corjia- 
nieHne no yiviojinaHHio. A HMeHHO, ecjin b paSoTe Ha^;o 6biJio noiviecTHTb rpacpnnecKne ,zraHHbie, 
to ohh CTponjiHCb "He no OTKpbiTbiM ochm" - HanpoTHB me, CHanajia (pnKcnpoBajicn hckhh 
3aMKHyTbiH npflMoyrojibHHK, n TOJibKO noTOM BHyTpn SToro 3aMKHyToro npaMoyrojibHHKa pa3- 
Memajica coGctbchho rpacpHnecKnii MaTepnaji. 

Ha caMOM ^ejie no coScTBeHHOMy onbiTy HaM H3BecTHO, hto npnivieHHTejibHO k caMOMy ce- 
6e npHMeHeHne npnHn,nna CTporoii onpe^ejieHHOCTn b ycjiOBnax 3aMKHyTon CHCTeMbi npocTO 
onacHO. Han6ojiee KOM(popTHbie ycjiOBnn paSoTbi He Tor^a, Kor^a Bee Gyiviarn, CTaTbn, KHnrn, 
kohikh n t.r. Haxo^HTCH CTporo b onpe^ejieHHbix MecTax KOMHaTbi, a, HanpoTHB, Kor^a ohh 



/xoBOJibHO xaoTHHHO pacnpe,n;ejieHM no caMMM HeMbicjiHMMM TOHKaM. Ilpn tom, o^HaKO, hto 
Bcer^a ^,oji>kho 6biTb no MeHbinen Mepe o^ho CBameHHoe MecTO, r^e BnepeMeniKy Haxo,a,aTca 
tojibko caMbie Hy>KHbie ,o,Jia paSoTbi npe^ivieTbi n co3,a,aHHa (Hanpniviep, no^, ^HBaHOivi). B nym- 
Hbin me mom6ht co3HaHHG nepe3 pa3yM mfhobghho UHmepnpemupyem stot xaoc (He3aMKHy- 
Tyio cncTeiviy MeTaoSmeHna c OKpyacaiomen cpefloft) k HeKOTopoiviy 0CMbicjieHH0-pa3yMH0My 
(ne 3aMKHymoMy peajibHO, ho enoAHe 3aMKHymoMy b paMKax flaHHon Hecf)opMaAU3oeaHHOu 
HHTepnpeTannn) nopa,o,Ky. 

Cjie^ya npnBejxeHHMM cooSpaaceHnaM, b paMKax pa3BHBaeMoro no/xxo/ja k o6paTHofl 3ajjane 
pacceaHna mm HaMepeHHO H36eraeM nonbiTOK nocTponTb 3aMKHyTyio (popMajin30BaHHyio Teo- 
pnio. Ecjih mm 6ya,eM CTpeMHTbcn k ero nojmon aKCHOMaTH3annn n BbinjieHeHnio no HeKOTopbiM 
3ajio>KeHHbiM npnmxnnaM 3aMKHyTon CHCTeMbi paccMaTpnBaeMbix o6T>eKTOB, mm npn^eM k 3a- 
MKHyTOMy MeTaa3MKy HMeiomeMy flBa cymecTBeHHbix He/xocTaTKa: (1) bbccth b stot MeTaa3MK 
jno6oe HOBoe yTBepjKJxeHHe, He hckjiiohhb hto-to h3 paHee BBe^eHHoro, Hejib3a, (2) CTpeM- 
jieHne k 3aMMKaHHio CHCTeMbi paccMaTpnBaeMbix oSteKTOB Bcer/ia BbrayacjiaeT Hac bbo/jhtb 
Taxne o6T>eKTM Tnna ">KapeHoro Jib^a" (to ecTb o6T>eKTM, KaKne-TO onpe^ejiaiomne CBoncTBa 
KOTopbix cpopMajiBHO MoryT 6biTb nepenncjieHM, ho npn stom (pn3nnecKH pa3yMHbix aHajioroB 
3thx oSteKTOB mm He 3HaeM) , KOTopbie npn/iaBaa Kaacyinyioca 3aBepnieHHOCTb KOHCTpyKHiin 
npnBHOCHT b Hee pa/j; cyn^ecTBeHHbix Hepa3peniHMbix npoTHBopennfi. 

C 3toh tohkh 3peHna npeflCTaBJiaeTCH nojie3HMM CHanajia npoaHajiH3HpoBaTb HMeiomne- 
ca yjKe b HepejiHTHBHCTCKOM cjiynae Heo^H03HanHOCTH KBaHTOBOMexaHnaecKoro onncaHna (Ha 
npnMepe KBaHTOBOMexaHnnecKoro JXByxnacTHHHoro o/xHOKaHajibHoro pacceaHna b HecBa3aH- 
hmx napn,najibHbix KaHajiax) n CTpeMHTbca coxpaHHTb nojiyneHHbin cpyHKHHOHajibHbin npon3- 
boji penieHna o6paTHon 3a^ann pacceaHna (cm. ^ajiee pa3^eji 6). 



2 06o3HaneHHa 



2.1. KoHcpnrypaijHOHHoe npe^CTaBjiemie. 

B npe^nojioa<;eHHH, hto noTeHixnaji ^ByxnacTnnHoro B3anMO^,encTBHa aBjiaeTca jiOKajiBHMM 
n c(pepnnecKH chmmgtphhhbim, v(r) = v(r) } CTainiOHapHbie CBo6o,a,Haa BOJiHOBaa (pyHKinia 
?/>o(k;r), BOJiHOBaa cpyHKHna pacceaHna -?/>( + )(k; r), T-MaTpnna pacceaHna T(k'; k) n onpe^e- 
jiaeMaa no btoh aMnjinTy^e S'-MaTpni^a pacceaHna S(k'; k) flonycKaiOT, cooTBeTCTBeHHO, cjie- 
flyiomne CTaH^apTHbie pa3Ji0JKeHna: 



^o(k;r) = (-) V)- 1 Yrmr&Mkr), (1) 

l,m=0 

^ + (k;r) = (£)V) _1 ^ YT (r)Yr (k, r), (2) 

l,m=Q 

T(k'; k) = (~) Yr&)Vr$Mk), (3) 

l,m=0 

S(k';k)= YTfaYrfaStk). (4) 



Lrn=0 



5 3,iiecb h ,a;ajiee mm npn,z];ep;<KHBaeMca o6o3HaHeHHii h hopmhpobok, cjie/iya Kjiaccii^ecKoii MOHorpa(piiH [9]. 



3/j;ecb k' = kr/r, ccpepnnecKne rapMOHHKii YJ m (") 3ajiaiOT coScTBeHHbie cpyHKHiin onepaTO- 
pa opSnTajibHoro yrjiOBoro MOMeHTa, Ui(-) - (pyHKnnn PnKaTTn-Beccejia, OTBenaioinHe cbo- 
So^hoh bojihoboh (pyHKn,HH, ^ + \k,r) - no,a,Jie>Kani,He onpe^ejieHHio napnnajibHbie BOJiHOBbie 
(pyHKnnn pacceaHHH, ti(k 2 ) - napnnajibHbie aivinjiHTyinj T-MaTpnnbi Ha MaccoBoii noBepxHOCTH, 
CBH3aHHbie npe^CTaBjieHHeM t[(k 2 ) = (i/irk)(Si(k) — 1) c MaTpnnHbiMn sjieivieHTaMH .S-MaTpnnbi 
pacceaHna Si(k) = exp(2i5i(k)) , r/j;e 5i(k) - cpyHKnna (pa30Boro c^Bnra b I-om KaHajie. 

JXjir napnnajibHbix bojihobbix (pyHKniiii pacceaHna ncxo^Hoe CTannoHapHoe TpexMepHoe 
ypaBHeHne UIpejrnHrepa pe/rynnpyeTca k Bnjjy 



l_ + 1(1 + 1) _ k , 

dr 2 r" 



2 



^ {+) (A;,r) +v(r)ij { l +) (k,r) = 0. (5) 



H3 oSnnix (pH3HnecKHx TpeSoBaHHH nocTaHOBKH 3a,a,aHH Ha pacceaHne napnnajibHaa BOJiHOBaa 
cpyHKnna pacceaHna onpe^ejiaeTca KaK penieHHe ^aHHoro ypaBHeHna perynapHoe npn r = 
co cjie^yioinen acnivinTOTHKOH Ha SecKOHenHOCTH: 

4 + \k,r) - Pl + \k,r) = Ul (kr) - '-(S^k) - l)w\ + \kr) 

~ e iSli - k) sai{kr - ^ttI + Si(k)j npn r — >• 00, (6) 

r^e Wi + \ ■ ) - (pyHKHiia PnKaTTn raHKejin. 

KaK fljifl penieHna npHMOH 3a^aHH pacceaHna (T.e., fljin Haxox^eHna bojihoboh (pyHKnnn 
ipl + \k, r) no 3a^aHHOMy noTeHiniajiy) , Tax h ;j,jih KjiaccnnecKon nocTaHOBKH h penieHna o6paT- 
hoh 3a^aHH pacceaHna (T.e. HaxoxfleHHa (pyHKnnn noTeHiniajia Vi(r) no 3a,a,aHHbiM ^aHHbiM 
pacceaHna) npe3BbinanHO nojie3HbiM aBJiaeTca BBefleHne n paccMOTpeHne peryjiapHoro ipi(k,r) 
n HeperyjiapHbix fi,±(k,r) peineHnii pajrnajibHoro ypaBHeHna UIpejrnHrepa (5). 3th penieHna 

BblJXejIHIOTCa, COOTBeTCTBeHHO, CJieJXyiOIirHMH rpaHHHHblMH yCJIOBHHMH 

limr- l - 1 <p l (k,r) = l, (7) 
fi,±{k,r) -> e^ 1tl w\ ±) (kr) r -> 00 (8) 

H CBH3aHbI Me>Kfly COSOH COOTHOHieHHeM 



<pi(k, r) = ^k- l -\2l +1)!! [ e -*H,-(*)/i,+(*» r) - e +i ^\ + {k)k-{k, r)j . (9) 

3/iecb f/,±(A;) - TaK Ha3biBaeMbie (pyHKnnn HocTa, 3ajjaBaeMbie no .S-MaTpnne pacceaHna npeji- 
CTaBjieHHeM 

Si(k) = ft,-(fc)fg(fc), fc G M 1 (10) 
h o6jiajjaioiirHe cjiejjyioiirHMH CBoiicTBaMH 

h,±(k) -»■ 1, fceR 1 , — »• 00, 

fT,±(*) = M*). fc e Hi, (11) 

f*±(fc) aHajiHTHHHbi npn ±ImA;>0. 
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BojiHOBaa (pyHKnna pacceaHna ip[ + \k, r) Bbipa>KaeTca nepe3 peryjiapHoe pemeHne <pi(k,r) 
cjie^yioinHM o6pa30M [9] 

^ (fc ' r)= (2/ + l)!!f^)- (12) 

CooTHOineHHH (10) (1 1) onpe^ejiaiOT KpaeByio 3a,o,aHy PHMaHa-rnjibGepTa [10] Ha napy 
(pyHKn,HH fi : ±(k). B paccMaTpriBaeMOM b HacToamen pa6oTe cjiynae HecBH3aHHbix napniiajibHbix 
KaHajiOB flaHHaa 3a,n;ana nivieeT aBHoe aHajiHTHnecKoe pemeHne 

f,,±(A;) = exp(-Wf >(Ln £,(*))) = exp^iW^OW)), (13) 

r^e HHTerpajibHbiH onepaTop T~C^ ( • ) onpe^ejiaeTca cooTHOineHPieM 

^^-hC^T^- (14) 

3aMenaHHe 1. B cjiynae mmaunux napniiajibHbix KaHajiOB - b tom nncjie fljia HanSojiee 
Ba>KHoro c (pH3HaecKofl tohkh 3peHnn TpHnjieTHoro s Si + 3 Di KaHajia np-pacceaHnn, OTBe- 
naioinero CBa3aHHOMy cocToaHnio ^efiTpoHa - pemeHne MaTpnaHoro aHajiora KpaeBon 3a,n;anH 
(10) (11) He H3BecTHO. 3to OTpa>KaeT o6m;yio npoSjieMy OTcyTCTBna aBHbix penieHHH MaTpna- 
hmx KpaeBbix 3a^an PnMaHa-rnjibSepTa - hjih, b flpyron (popMyjinpoBKe 3aaaa SToro Kpyra - 
OTcyTCTBne aBHbix penieHHH CHCTeM CHHryjiapHbix HHTerpajibHbix ypaBHeHHH |llj . [12J. 



2.2. HivinyjibCHoe npe^CTaBjieHne. 

B HMnyjibCHOM npeflCTaBJieHHH, nepexofl k KOTopoiviy onpeaejiaeTca npeo6pa30BaHneM 

2 f°° 

9i(r) >-» giip) = - / drui{pr)gi(r), (15) 

Jo 

pa^najibHoe ypaBHeHne LQpeflHHrepa (5) npHHHMaeT BHa, 

/•OO 

(p>-k 2 )1>l + \k,p)+ / dqv l (p,q)iPl + \k,q) = 0. (16) 
Jo 

3aMenaHHe 2. B HMnyjibCHOM npencTaBJieHHH noTemiHaji 

POO 

vi(p,q) ~ / dr ui(pr)v(r)ui(qr) (17) 
Jo 

cpopMajibHO "noTepaji" cboio BnnnMyio jiOKajibHOCTb. Ha caMOM aejie, c tohkh 3peHHH cpH3n- 
aecKHX npn Jio>KeHHH , noTemiHaji (paKTnaecKH "noTepaji" cboio JiOKajibHyio CTpyKTypy yace b 
KOH(pHrypan,HOHHOM npeacTaBjieHHH. 3to CBH3aHO c TeM, hto npn onncaHHH MajionacTHHHbix 
CHCTeM h sjieKTpo-cjiaSbix nponeccoB c hx ynacTneivi (pyHKnna noTeHHiiajia ctpohtch (to ecTb, 
BOCCTaHaBjiHBaeTca no aByxnacTHHHbiM aanHbiM pacceaHHa b paMKax MeToapB rejib(paHa,a- 
JleBHTaHa h MapaeHKO, jihSo (pHTnpyeTca no CBo6oaHbiM napaivieTpaivi 3aKJiaabiBaeMoro aH3a- 
na) He3aBHCHMO b KajKapH napniiajibHofi BOJiHe. To ecTb (pyHKnna paanajibHoro noTemiHajia 
3aBHCHT ot op6nTajibHoro MOMeHTa n cjieflOBaTejibHO nojiHbifl noTemiHaji v(r) HejiOKajieH. 



s 



Ilojie3HO BBecTii MaTpHHHbie BJieivieHTbi ti(p,k;k 2 ) TaK Ha3biBaeMon T-MaTpnnbi nojiy-BHe 
MaccoBOH noBepxHOCTH, onpe^ejiaeMbie npe^CTaBjieHneivi 

t l (p,k;k 2 )=t l (k,k;k 2 )(p/k) 1 

POD 

+ 2(7rkp)-\k 2 -p 2 ) / dr Ul {pr)[ijji + \k,r)- $ + \k,r)] (18) 



n HopMiipoBaHHbie "Ha MaccoBofl noBepxHOCTii" (i.e., b npe^ejiBHOM cjiynae p — > k) cooTHOine- 
HHeM ti(k,k;k 2 ) = ti(k 2 ). BBe^eHHbie MaTpnnHbie sjieivieHTbi ti(p,k;k 2 ) CBa3aHbi c bojihoboh 
cpyHKnnen b HMnyjibCHOM npeflCTaBJieHHH cooraomeHneM 

U{p,k;k 2 ) = {kp)~\k 2 -p 2 )^\k,p). (19) 

Bcjie^CTBHe (12) cnpaBe^jinBO coothoiughhg 

i)\ + \k,pY = S*(k)^ + \k,p), lmk = 0, (20) 

KOTopoe, Gynynn nepenncaHHbiM fljia nojiy-BHe 3HepreTnnecKOH t-MaTpnnbi SKBHBajieHTHO ycjio- 
bhk) nojiy-BHeBHepreTHHecKoii yHHTapHOCTn 

lmti(p, k; k 2 ) = —^7rktf(k 2 )ti(p, k; k 2 ), ImA; = 0, (21) 

3 BoccTaHOBjieHne <J>yHKD,HH noTeHD,Hajia MeTO^aMH o6paT- 
hoh 3a^;aHH 

B Tpa^nnnoHHon nocTaHOBKe KBaHTOBOMexaHH^ecKoii oSpaTHoii 3a,o,aHH npe,a,nojiaraeTcn, hto 
KHHeMaTHKa B3aHMO^eHCTBHa (ypaBHeHHe ^bhjkghhh) onpe,a,ejiaeTca ypaBHeHHeM LQpe^HHrepa 
c jiOKajibHbiM b Ka>KflOM napnnajibHOM KaHa^e noTeHnnajiOM Uj(r). OSparaaa 3a,n;ana CTaBHTca 
KaK 3a^ana BOCCTaHOBJieHna noTeHnnajia f/(r) no ^aHHbiM pacceaHna b npe,n;nojio;>KeHHH (no 
yMOJinaHHio) , hto ^aHHbie pacceaHna tohho H3BecTHbi npn Bcex k G Mr:. 

3.1. MeTOfl TejibcJjaH^a-JleBHTaHa. 

B MeTo^e TejibcpaHfla-JleBHTaHa [13j . |14j ^aHHbie pacceaHna H3HanajibHO BxoflnT nepe3 
cpyHKnnn HocTa, onpe^ejiaa a^po 



2 r°° 

G,(r,*) = - / dk Ul (kr) 
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M*)fe,+(*) 



1 



ui(kt). (22) 



H3 ycjiOBna nojiHOTbi cncTeivibi bojihobbix (pyHKHnn pacceaHna cjie^yeT ypaBHeHne Tnna 
BojibTeppa 

K l {r,t) + G l (r,t)+ [ ds K t (r, s)G,(s, t) = 0, (23) 
Jo 

penieHne KOToporo 3a^aeT aBHoe npe^CTaBJieHne ,h;jih (pyHKHnn noTeHHnajia 

v l (r) = 2—K l (r,r). (24) 



Q 



3.2. MeTcm MapneHKO. 

B MeToae MapaeHKO [15], [H] aaHHbie pacceaHHa BxoaaT HenocpeacTBeHHO aepe3 aaHHbie 
pacceaHHa Si(k), onpeaeaaa aapo 

i r+oo 

Ft(r,t) = -— / dkw^ikr^ik) - (25) 

H3 ycjiOBna nojiHOTbi CHCTeMbi BOJiHOBbix (pyHKn,HH pacceaHHa cjieayeT ypaBHeHne rana 
BojibTeppa 

p+00 

A,(r,t) + Fi(r,t) + ds A^r, s)F,(s,t) = 0, (26) 

J r 

peineHne KOToporo 3aaaeT aBHoe npea,CTaBjieHHe aaa (pyHKinin noTeHiniajia 

vi(r) = -2-^Mr,r). (27) 

3.3. Hto npe^noHTHTejibHee — KOHCpnrypaijHOHHoe hjih HMnyjibCHoe npe,a;cTaB- 
jieHne? 

POBHO HaCTOJIbKO, HaCKOJIbKO C MaTeMaTHHeCKOH TOHKH 3peHH3 BajKHbl CBOHCTBa rviaaKO- 

cth cpyHKHHH HCCJieayeMbix MaTeiviaTHHecKHx Moaeaeii, HacTOJibKO c (pH3naecKOH tohkh 3pe- 
hhh 3to MoaceT 6biTb (h BnojiHe onpaBaaHHo) noaTH He Baaaio. B caMOM aeae, MoacHO BepnTb, 
hto jiio6aa pacnpeaeaeHHaa HaSjiioaaeMaa xapaKTepacTHKa MoaceT 6biTb H3MepeHa (oco6eH- 
ho b KjiaccaaecKOM cjiyaae) c jiioSoh Hanepea, 3aaaHHOH ToaHOCTbio. B aeiicTBHTejibHOCTH, c 
(pH3aaecKOH tohkh 3peHaa onpeaeaeHHe raaaKOCTH (pyHKHiift HecKOJibKO OTJinaaeTca ot Ka- 
HOHaaecKoro. 3to oSycaoBJieHO TeM, aTO noHaTae raaaKOCTH - sto noHaTae jiOKajibHoe. H3 
HenpepbiBHOCTa (pyHKinin b KaKofi-TO Toaxe He caeayeT, hto OHa HenpepbiBHa h b KaKHx-TO 
6jih3khx TOHKax. H MaTeiviaTHK Bceraa JierKO npHBeaeT npHMep cpyHKHHH, HenpepbiBHbix b 
(pHKcnpoBaHHOM Ha6ope ToaeK, ho pa3pbiBHbix bo Bcex apyrnx ToaKax. C tohkh 3peHHa hh- 
TepnpeTan;HH jiioSoh (pa3aaecKoa Teopaa b TepMHHax Ha6./iwdaeMux, noHaTae pa3pbiBHOCTH 
npaBa3aHO hmchho k MaTeMaTaaecKoa Moaejin, nocKOJibKy CBOHCTBa Ha6jimdaeMUX xapaicre- 
Phcthk Ha HeKOTopoM OTKpbiTOM MHoacecTBe a Ha ero 3aMbiKaHHH He apjiacHbi KaaecTBeHHO 
pa3JinaaTbca - He H3BecTHO hh oaHoro cpH3HaecKoro SKcnepHMeHTa, KOTopbiii no3BOJiaeT pa3- 

JIHHHTb OTKpblTOe H 3aMKHyTOe MHOaceCTBO . 

rioBTOMy c (pH3HaecKOH tohkh 3peHHH HMnyjibCHoe npe^CTaBjieHne aacTO Sojiee npeanoHTH- 
TejibHO, aeM KOH(pHrypainiOHHoe npeacTaBjieHne - b HMnyjibCHOM npeacTaBjieHHH peniaiomHMH 

HBJiaiOTCa CBOHCTBa aHajIHTHHHOCTH, KOTOpbie He npU6H3CLHU K nOHHTHK) JIOKajIbHOCTH. IIOMH- 

mo 3Toro npn H3HaaajibH0ii nocTaHOBKe a penieHHH MHornx (pH3naecKHX 3aaaa b HMnyjibCHOM 
npeflCTaBJieHHH mm H36eraeM onacHoro aBoimoro nepexoaa (<Dypbe-npeo6pa30BaHHH), Ha ko- 
topom, b aacTHOCTH, h B03HHKaiOT npo6jieMbi HeycTOHHHBOCTH : Hcxo^Hbie aaHHbie pacceaHHa 
(b HMnyabCHOM npeacTaBjieHHH) — > jiOKaabHbie xapaKTepncTHKH Tnna noTeHipiajia (b koh- 
(pHrypai^HOHHOM npeacTaBJieHHn) — > HaSjnoaaeMbie xapaKTepncTHKH npoiieccoB c yaacTaeivi 
H3yaaeMbix KBaHTOBbix CHCTeM (b HMnyjibCHOM npeacTaBJieHHH) . 



in 



4 Bbi6op ^aHHbix pacceamia 



C ^aHHoro MOMeHTa - to ecTb, b toh nacTH, hto KacaeTca KOHKpeTHbix npHKjia,nHbix 3a,naH 
- Mbi HMeeM b BH^y npe>K^,e Bcero noKa3aTejibHoe onHcaHHe o6inen cnTyairnn Ha npiiMepe 

HyKJIOH-HyKJIOHHOH (NN) CHCTeMbl. 

HMeiomneca Ha cero,nHa SKcnepHMeHTajibHbie ,aaHHbie cpa30Boro aHajiH3a iViV-pacceaHHa 
flOCTynHbi b o6jiacTH E Uh < 3.0 Gev fljia pp-pacceaHna h b oSjiacTH E lah < 1.3 Gev fljia np- 
pacceaHHa [17) . Ilpn btom cjie^yeT pa3JiHaaTb, hto SKcnepHMeHTajibHbie ,aaHHbie npe^CTaBJieHbi 
KaK b BH^e cepnn pe3yjibTaTOB 9HepreTHHecKH-He3aBHcamero napirnajibHoro aHajiH3a, TaK h b 
BH^e kphbmx 3HepreTHHecKH-3aBHcaiu;ero napiinajibHoro aHajiH3a, KOTopbie (ecTecTBeHHo) He 
cjihhikom xoponio corjiacoBaHbi flpyr c ,npyroM. 

BooSnie roBopa, npHBe^eHHbie b pa6oTe [17] nocjie^Hne ,uaHHbie cpa30Boro aHajiH3a, paBHO 
KaK h ^aHHbie npeflinecTByioiiiHx cpa30Bbix aHajiH30B |18|-|20j. HyjK^aiOTca b yTOHHeHnn. He 
BnojiHe hcho, KaK aHajiH3HpoBajiHCb ,naHHbie no ceneHnaM pacceaHna KaK ,n,jia SHepreTnnecKH- 
He3aBHCHMoro napirnajibHoro aHajiH3a SP40 (Kor^a nepHcpepnnecKoe pacceaHne ^ojukho cnjib- 
ho 3aTynieBbiBaTb bo3mo>khocth napiinajibHoro aHajiH3a), TaK h (b oco6eHHOCTn) ^Jia TaK Ha- 
3biBaeivioro 3HepreTHaecKH-3aBHcam;ero aHajiH3a SP00 (HacKOJibKO ^eTajibHO h KaK KOHKpeT- 
ho npHBjieKajiacb MO,nejib noTemiHajiOB OBEP-THna npn napaMeTpn3airHn aivrajiHTy^, NN- 
pacceaHHa h KaK b npe^ejiax stoh no^roHKH pacnpe^ejiajincb 147 napaMeTpoB no,nroHKH?) 
IIomhmo BToro, nacTb flaHHbix, KOTopbie He corjiacoBbiBajiHCb c ,npyrHMH ,naHHbiMH, 6bijia ot- 
SponieHa npn cpa30BOM aHajiH3e h sto Bbi3biBaeT SecnoKOHCTBO b tohhocth KOHenHbix 
pe3yjibTaTOB. 

He Bxo^a b ^eTajin oiieHKH tohhocth npeflCTaBJieHHbix pe3yjibTaTOB cpa30Boro aHajiH3a, mm 
OTCbiJiaeM HHTaTejia k paSoTaM [21], [22| . r^e npoSjieMbi CTaTHCTnnecKOH o6pa6oTKH ^aHHbix 
H3MepeHHH o6cy>K,a,aiOTca 6ojiee ,neTajibHO. OrpaHnnnMca 3^ecb TOJibKO cjie,ziyioiiiHMH 3aMena- 

HH3MH. 

B paSoTe |17j npHBO,nHTca, b nacTHOCTH, yTOHHeHne ,naHHbix no HH3K03HepreTnnecKOMy 
noBe^eHHio yrjia CMeninBaHna E\ b TpnnjieTHOM 3 Si + 3 D\ KaHajie npn E\ a ^ < 80 Mev. npo- 
BO^HTca cpaBHeHne c ,aaHHbiMH ^pyrnx rpynn (yKa3biBaeTca HeKOTopoe pacxoK^eHne - b tom 
ancjie BCJie^CTBHe Toro, hto 3HepreTHaecKH-He3aBHCHMbiH aHajiH3 ,aaeT flBe bctbh peineHHii) 
h npe^nojiaraeTca, hto HMeeTca He3HanHTejibHoe yKa3aHne Ha aHOMajibHO 6ojibnioe TeH3opHoe 
B3anMOflencTBne . 

Boo6ine roBopa, npn npe^BapnTejibHOM aHajiH3e np-pacceaHna b 3 S\+ 3 Di KaHajie h nocTpo- 
eHHH bojihobbix cpyHKirnn ,neHTpoHa mm eme b 1981 ro,ny (cm. ,najiee nyHKT 7) ncnojib30Bajin 
HM6HHO ^aHHbie (pa30Boro aHajiH3a yKa3aHHbix ajibTepHaTHBHbix rpynn (Saclay). H nocTpo- 
eHHbie HaMH 6ojiee 20-th jieT Ha3a^ SWF-cpyHKiiHH (Shirokov's Wave Functions [23]), KaK 
BbiacHaeTca Ha cero^Ha, OKa3biBaiOTca e,THHCTBeHHbiMH bojihobmmh cpyHKHiiaMH , ,n;aioiiiHMH 
corjiacne Teopnn h SKcnepnMeHTa ^jih nocjieflHHx SKcnepHMeHTajibHbix ^aHHbix no nojiapH3a- 
HHOHHOMy erf-pacceaHHio (cm. flajiee pa3,ueji 7). 

noMHMO SToro, HaM npe^CTaBJiaeTca oaeBH^HbiM, hto OTMeaaeMoe aBTopaMH |17| pacxo>K- 
^eHne pe3yjibTaTOB (pa30Boro aHajiH3a FA91 |20| c nocjie,iryioiiiHMH pe3yjibTaTaMH (pa30Boro 

6 "In the full database, one will occasionally find experiments which give conflicting results. Some of these 
have been excluded from our fits." [17] 
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aHajiH3a "toh »ce rpynnbi" [j hocht aScojiiOTHO 3aKOHOMepHMH xapaKTep - nocjie 1992 ro^a 
cocTaB rpynnbi (cm. cnncoK aBTopoB no ccbijiKaivi) 6ojiee neM H3MeHHjica n (pa30Bbin aHajin3 
cjie^OBajio npoH3BO^,HTb y>Ke n c yneTOM nonpaBOK Ha "cncTeMaTnnecKne norpenmocTn" ynacT- 
hhkob rpynnbi. 

TaKHM o6pa30M, npe^ocTaBjiaeiviaa SKcnepnMeHTajibHMMH ,zraHHMMH no iViV-paccenHHio hh- 
(popManna o ^aHHbix pacceaHna HMeeTcn TOJibKO fljia y3Koro (KOHenHoro no BHeprnaM) ko- 
pn^opa n co 3HaHHTejibHbiMH onin6KaMH He BnojiHe acHO-KOHTpojinpyeMoro CTaTHCTHnecKoro 
xapaKTepa. 

B to ace Bpeivia xoponio h3bcctho (h, BOo6me roBopa, H3HanajibHO ohcbh^ho, b cnjiy to- 
ro, hto ^aHHbie pacceaHna bxo^ht b a,npa ypaBHeHnft Tejib(paHfla-JleBHTaHa h MapneHKO b 
(popivie Oypbe-npeoSpasoBamin) , hto Majioe H3MeHeHne flaHHbix pacceaHna npnBOflHT k 3Ha- 
HHTejibHbiM H3MeHeHH5iM (pyHKiinn noTemrnajia. To ecTb KjiaccnnecKaa nocTaHOBKa o6paTHon 
3a^ann pacceaHna aBjiaeTca HeycTonnnBon. C yneTOM npe^CTaBjieHHon Bbinie cnTyannn no 
^aHHbiM pacceaHna KJiaccnaecKaa nocTaHOBKa o6paTHon 3a,aaHH pacceaHna hocht CKopee aKa- 
^eMHHecKHii, Heacejin npHKJia^HOH xapaKTep. Ilpn stom b jhoSom cjiyaae MeTOfl MapneHKO ho- 
cht Sojiee npeflnoHTHTejibHbiii xapaKTep, nocKOJibKy b MaTpnnHOM cnynae cemaHHUX KaHajiOB 
MeTOfl MapneHKO ncnojiB3yeT b KanecTBe bxo^hoh HHCpopMaiiHH Henocpe^CTBeHHO (S-MaTpniry 
pacceaHna, a He TpeSyiOHine caMOCToaTejibHoro BOCCTaHOBjieHna MaTpniiM HocTa. 

IlpHMeHHTejibHO k npo6jieMe Bbi6opa ^aHHbix pacceaHna, mm hcxo^hm H3 Toro, hto "Ha- 
^,e>KHbix", "He3aBHCHMbix", "MO^ejibHO-He3aBHCHMbix" n T.n. □ ^aHHbix pacceaHna HeT. Bojiee 
Toro, nocKOJibKy nojiyneHne TaKHx ^aHHbix CBH3aHO c onocpe^OBaHHbiMH h 3aBe,n;oMO MO,n;ejib- 
hmmh MeTOflaMH KOCBeHHoro aHajiH3a (c HenoflflaioiiiHMCH kohtpojho MHoronapaMeTpnaecKHM 
npoH3BOJiOM), He cjie^yeT paccnHTbiBaTb, hto 3Ta CHTyairna H3MeHHTCH 0. 

Hnaero noponHoro b btom mm He bh^hm, ho noflo6Haa CHTyairna Tpe6yeT cneirnajibHoro 
yTOHHeHHH. Ecjih npHHHTb npHBe^eHHbie HaMH apryMeHTM, HCxoflHbie ^aHHbie pacceaHna cjie- 
^yeT paccMaTpnBaTb KaK HeKne pacnpedeAennue (pyHKirnn - to ecTb Ha oSmnx ocHOBaHnnx 
c flpyrHMH xapaKTepncTHKaMH, npaMO hjih onocpe^OBaHHO CBa3aHHMMH Henocpe^CTBeHHO c 
Ha6jnoflaeMMMH. OnopHoe cpa30Boe penieHne, paBHO KaK h 3HepreTHnecKH-3aBHCHMaa nnipn- 
Ha KopH^opa pacnpe^ejieHHH, He ^eTepMHHHpoBaHM, a HHTepnpeTHpyiOTCH b BepoaTHOCTHOM 
CMbicjie. EIpH 3tom ohh flOJiJKHM annpoKCHMHpoBaTbca MOflejibHMM o6pa30M b paMKax HeKO- 
Topon BbiSpaHHon ^HHaMHKH onpe,a,ejieHHoro rana, CTporo corjiacoBaHHon c Bbi6opa Tnna ffa- 
HaMHKn ^onycTHMMx noTeHn,najibHbix B3anMOflencTBHH. 

3a6eraa Bnepe^, (cm. ,zrajiee pa3^eji 6), nycTb mm paccMaTpnBaeM, HanpnMep, ceMeiicTBO cpa- 
30B03KBHBajieHTHMx bojihobmx (pyHKii,HH, OTBenaronrnx Kjiaccy o6o6ru,eHHbix nOTeHn,HajIbHMX 
B3aHMO^eHCTBHH OBEP-THna (33). Tor^a b KanecTBe no^Kjiacca (pyHKniiii si(k,p) Kjiacca (43) 

7 "Somewhat larger changes are seen in comparisons with FA91. Differences are generally largest, as one would 
expect, near the energy upper limits for the various solutions and in the smaller partial waves" [17] . 

8 no,n;o6Hbie pacnjibiBHaTbie h ^ocTaTOiHO npoii3BOJibHO TOJiKyeMbie omicaTejibHbie TepMimbi irmpoKO nc- 
nojib3yiOTCfl b jiHTepaType no cba30BOMy aHajiH3y h npnKjiaflHbiM pa6oTaM, Hcnojib3yroiirHM ,n;aHHbie cba30Boro 
aHajiH3a. 

9 "Ecjih on;eHHBaTb BepoaTHOCTHO-CTaTHCTH^ecKHe MeTO^,bi o6pa6oTKH pe3yjibTaTOB SKcnepnMeHra c tohki 
3peHHH (pH3HHecKOH napa^,HTMbi, to hx Bee npn^eTCfl OT6pocnTb KaK He^ocTaTO^HO Ha^,e»cHbie... c totkh 3pe- 
Hifl (pHSH^ecKofi napaflnrMM 3a BepoaTHOCTHoii MO,a;ejibio oiiih6ok Ha6jno,iieHHii Bpafl jih mojkho npn3HaTb hhoh 
CTaTyc, ^eM CTaTyc HeKoero Mncba... Ha,a;o 6biTb nocjieflOBaTejibHMM h 3a CTaTHCTH^ecKHMH npon;e,i];ypaMH 06- 
pa6oTKH HHcbopMairxiH npn3HaTb CTaTyc ra^aHna - h sto ecTb HCKyccTBO, OT^ejibHoe ot caMoro HCKyccTBa 
H3MepeHHii." [21] (cm. TaKsce |22j). 
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Bbi6iipaiOTca cpyHKHHH c oSjiacTbio aHajiHTHHHOCTH, BbmejiaeMoft ycjiOBneM 
s? BEF {k,p) E A (co) {k :k^±p + ta,a> //,1mA; > 0). 

CooTBeTCTBeHHO, cpyHKHHH hf >BEP (k,p) h ceMeficTBO {V^ + ^( s ? BEP i k,p)} SyzryT HMeTb aHajin- 
TiiHecKiie CBOHCTBa Toro ace Tnna, 

S° BEP (k) E A {oo) (k :k^ia,a>fx,lmk>0). 

HaiiJiyHiiiHM cnoco6oM annpoKCHMaHHH S-MaTpHHM pacceaHna (c BOcnpon3Be,n;eHHeM CTpyK- 
Typbi pa3pe3a (4) nocjie^OBaTejibHOCTbio Hepe,a,yiomHxca Hyjien h nojiiocoB) npe^CTaBjiaeTca 
xopomo pa3BHTaa k HacToameMy BpeMemi TexHHKa ^HaroHajibHbix ria^s-annpoKCHMaHT. 



5 06ocHOBaHne npe^jiaraeivioro MeTo^a o6paTHoii 3a,a;aHH 

KjiaccnaecKHe MeTO,a,M o6paTHOH 3ajjaaH pacceaHna (b tom aacjie He TOJibKO ,a,Jia paccMaT- 
pHBaeMofi b ^aHHoii pa6oTe nocTaHOBKii - BOCCTaHOBJieHHio cpyHKHHH noTeHHiiajia ajia cpHK- 
capoBaHHoro op6aTajibHoro MOMeHTa no flaimbiM pacceaHaa 3a,naHHMM npa Bcex SHepraax 
- cm., Hanpaiviep npeKpacHbia o63op |24| ) OKa3biBaiOTca MajionparoflHbiMH ^Jia cpH3HaecKHx 
npajio>KeHHH npeat^e Bcero no flByM npnnnHaM: (1) ^aHHbie pacceaHna onpe^ejieHM cjihhi- 
kom b y3Kon oSjiacTH SHeprHH n c 6ojibniHMH onin6KaMH, (2) KjiaccnnecKne MeTO^bi o6paTHon 
3a^;aan pacceaHna HeycTonnnBbi. 

^jia npn^aHna ycTonanBOCTn sthm MeTO^aivi MoaiHO anejuinpoBaTb k pa3pa6oTKe ^onoji- 
hhioihhx MeTO^OB penieHna HeKoppeKTHbix 3a^an. HaM sto npe^CTaBJiaeTca H3JinniHHM yace 
no oflHon npocToii npnnnHe. B ocHOBe HeKoppeKTHOCTH MeTO^a o6paTHon 3aflann jieacHT tot 
cpaKT, hto BOCCTaHaBjniBaeiviaa cpyHKHHH (noTempiaji) He HMeeT OTHonieHHa k HaSjuoflaeMbiM 
xapaKTepncTHKaM. BoccTaHOBjieHne cpyHKHHH, HMeionnrx Henocpe^CTBeHHoe OTHonieHHe k Ha- 
6jiio^,aeMbiM xapaKTepncTHKaM - nojiyBHeBHepreTHaecKoii t-MaTpnHM hjih bojihoboh cpyHKHHH 
pacceaHna b HMnyjibCHOM npe^CTaBjieHHH - He ^,oji>kho ^,aBaTb HeycTOHHHBOCTH. Anejuiainia 
k cpyHKHHH noTeHHiiajia hocht CKopee npHBMHHMH xapaKTep, Heacejin onpaB/iaHa nocTaHOB- 
Koii 3aflaan. Bojiee Toro, jxobojibho CTpaHHO canTaTb, hto "pacnpejxejieHHbie" b npocTpaHCTBe 
KBaHTOBbie aacTHn,bi B3aHMO,a,eHCTByiOT nocpe^CTBOM ^eTepMHHHpoBaHHoro h jiOKajiBHoro no- 
TeHHiiajia, a He nocpe^CTBOM ctojib >Ke "pacnpe^ejieHHoro noTeHniiajiBHoro nojia". BBejj,eHne ace 
SToro pacnpe^ejieHHoro noTeHniiajiBHoro nojia HeB03MoacHO ,a,o Tex nop, noxa mm H3HaaajiBHO 
npHBa3biBaeMca k KOHaeimiiii ypaBHeHHH LQpe^HHrepa c (piiKCiipoBaHHbiM (a npa btom "jio- 
KajibHbiM") noTeHaaajiOM. 

,Hajiee mm coxpaHHM Bee ocHOBHbie Tpe6oBaHaa k bojihoboh cpyHKHHH pacceaHna, nponc- 
TeKaiomiie H3 ee onncaHHH b paMKax noTeHiniajibHoro nipejarmrepoBCKoro nojrxojja, ho no- 
nbiTaeMca oSoSihhtb cpopMajiH3M jjByxaacTHHHoro KBaHTOBOMexaHHaecKoro onncaHHa - b tom 
ancjie c n,ejibio BBecTH noHaTne pacnpe^ejieHHoro noTeHHiiajibHoro nojia h paccMaTpHBaTb sto 
nojie (deucmeue) kbk nepBHHHoe no OTHonieHnio k noHaTnio KBaHTOBoii aacTHHM (ocTseKm) - 
cm. pa3,neji 1 iiaHHoii paSoTM. 
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6 06paTHaa 3slrslhsl pacceaHHa rjisi bojihoboh c})yHKHHH b 
HMnyjibCHOM npe/i,CTaBjieHHH 



06o3HaaHM aepe-3 A^\k, . . . ) Kjiacc BeinecTBeHHO-3HaaHbix cpyHKiniii gi{k, . . . ) Ha R 1+ ' ", ^o- 
nycKaiomnx aHajiiiTHHecKoe npo^ojiaceHiie no b nojiocy | lmk\ < /i ^Jia HeKOToporo /i > 0. 

Onpe^ejieHne 1 KoMnAeKCHO-3HaunaH (fiynKi^un Si(k), 3adannan 3ah ecex anepsuu (m.e. 
npu ecex k > 0) na3ueaemcn S -Mampui^eu paccennua e 1-om napuxiaAbnoM Kana./ie, ec.au ona 
ydoeAemeopnem caedyiou^uM ycAoeuHM: 

(1) Sl(k)Si(k) = 1 (ycAoeue ymimapHocmu) , 

(2) S*(—k) = Si(k) (npodoAotcuMOcmb dannux paccennun na 

(3) Si{k) = 1 + 0(k 2l+1 ) npu k^O, 

(4) hucao c6H3(ihhux cocmonnuu e 1-om nanaAe coenadaem c undencoM S-Mampuu,u, onpe- 
deAneMUM coomnomenueM 

ind Si{k) = -(27ri)~ 1 VarLn#(fc) |£°G N+, (28) 

(5) St(k) G A^(k).B 

OyH^aMeHTajiBHoe 3HaaeHiie hmcgt ^ajiee cpyHKinia HocTa, KOTopaa 6e30THOcnTejibHO k ee 
onpe^ejieHHio b paMKax KjiacciiaecKOH Teopiiii pacceaHaa cpopiviajibHO 3a^aeTca ^ajiee cjie^y- 
K)II],HM o6pa30M 

fj,±(Jfc) G A M (k : ±lmk > 0), (29a) 
fi,-(k) = 3i(k)j li+ {k) npn lmk = 0, (29b) 
f, i± (Jfe) -> 1 npn |fc| -> oo,±Im£; > 0, (29c) 
fl T (k*) = fi t± (k) npn ±lm£;>0. (29d) 

Onpe^ejieHne bojihoboh cpyHKi^HH pacceaHHa. JJah 3adannux dannux paccennusi 
Si(k) G A^(k) eoAHoeou $ynKU,ueu paccennuH ipl + \k,r) 6ydeM H03ueamb KOMnAeKcno-3nan- 
nyw a^ynKu^uw, ydoeAemeop^wmyw CAedywu^uM ycAoeuHM: 

tpl + \k,p)fi )+ (k) - eemecmeennosnannaM (pynKv^un uemnocmu (— 

no nepeMennuM k, p, (30a) 

(ipi (k,p),ipi (k',p)) = 25(k — k'), k,k' G IR+, (ycAoeue opmosonaAbnocmu) (30b) 

(ri + \k,p'),^ + \k,p)) = 25(p -p), p,p' G R + , (ycAoeue noAnomu) (30c) 

tl + \k,p) = f V f 1 {k,p)[iljl +) {k,p)-^ \k,p)] G A M (k :lmk> 0), (30d) 

h{k,p) = f {[4 + \k,p)-^°\k,p)]f l , + (k)-27i~ 1 p discf z (pMM} e A^(k,p) 
- eeuificmeenno-snaHHasi (pynnyusi uemnocmu (— 1)(' +1 ) no k, p 
u y6ueanuH 0(k~ 2 ), 0(p~ 2 ) npu \p\ — > oo, (30e) 

10 B flaHHoii pa6oTe mm He paccMaTpnBaeM MaTpiiHHbiii cjiyHaii CBH3aHHbix 3 Si+ 3 D± KaHajiOB, t&k hto inmeicc 
S'-MaTpHLi.bi paBeH Hyjiio. 

11 B paccMaTpiiBaeMOM cjiy^ae NN-paccejranH (i = rjie - Macca 7r-Me30Ha. 



1 A 



sde 



V>, (0) (M = (k/p) l [6(k-p)-5(k+p)l (31a) 



^(/c,p) = a/(fc)a ; (p), oj(fc) 



(31b) 



disc fKfc) = ^(fe,+ (*)-M*)(*))- (31c) 



3aMeTHM, hto b flaHHOM onpe^ejieHHH bojihoboh cbyHKinin hbho HHr^e He npe^nojiaraeT- 
ch, hto OHa y^OBjieTBopaeT ypaBHeHHio IIIpe^HHrepa. HeaBHO me cnpaBe^JiHBOCTb ypaBHeHHH 
IIIpe^HHrepa 3aKJiajj,biBaeTCH (xaK 6yjj,eT hcho h3 nocjiejjyiomero) b ycjiOBHe (30. e). 

AHajiHTHHecKoe npe,a;cTaBjieHHe ^;jia bojihoboh cpyHKHHH pacceaHHH. KoMnAencHO- 
3HauHatt dpyuKyun ip\ (k,p) ydoejiemeopHem yc/ioeuHM (30.1), (30.4) u (30.5) mozda u moAtKO 
mozda, nozda ona npedcmaeuMa e eude 

^OKa3aTejiBCTBO ^aHHoro yTBep>K^eHHa npoBO^HTca aHajiorHHHO npe^CTaBjieHHbiM b [6j, 
JleMMa 2, BbiKjia^KaM. 

IlpeflCTaBjieHHe (32) b hbhoh aHajiHTHHecKoii (popMe pa3^ejiaeT pa3JiHHHbie ranbi CHHry- 
jiflpHOCTH bojihoboh (pyHKHHH pacceaHHa: (1) nepBbiH HjieH npe^CTaBjieHHa Bbi^ejiaeT cbo- 
6oflHyio BOJiHOByio cbyHKinno c 5-o6pa3HOH CHHryjiapHOCTbio b HMnyjibCHOM npeflCTaBJieHHH; 
(2) BTopofl HJieH npejj;cTaB.jieHHa BbiflejiaeT 6ojiee Maricyio ocoSeHHoerb h oSycjiaBJiHBaeT toh- 
Hbifl yneT TaK Ha3bmaeMoro "KHHeiviaTHHecKoro pa3pe3a" - TaK hto npn jiio6oh BemecTBeHHO- 
3HanHOH (pyHKn,HH hi(k,p), onpejj,ejiHK)H],eH Tperan HjieH npeflCTaBJieHHH (32), nojiHaa BOJiHOBaa 
(pyHKinia ipl + \k,p) ya,OBjieTBopjieT ycjiOBHio (20); (3) <J>yHKiniH hi(k,p) aHajiHTHHHa b nojioce 
| ImA;| < TOtt/2, TaK hto ee ocoGghhocth OT^ejieHbi ot KHHeMaraHecKoro pa3pe3a. 

B paMKax t-MaTpHHHoro no^xo^a b oSoSnxeHHoii MO,a,ejiH noTeHiniajiOB o,a,Ho6o30HHoro 06- 
MeHa (OBEP - One-Boson-Exchange Potentials) oco6eHHOCTH cbyHKinin hi(k,p) onpe^ejiaiOTCfl 
CTpyKTypon noTemniajia (cm., Hanpniviep, [25]- |26| ) 

r+co 

v l( r ) — I daa(a) exp(— ar)/r 

HJIH 



VlM = ^l **"WQi( P + 2 Pq +a )- ^ 

J\jir cjiynaa, Kor^a cneKTpajibHaa cbyHKniia a (a) "HacbimaeTCfl" oSmchom tt, a, r], g, uj Me30Ha- 
mh aHajiHTHHecKaa CTpyierypa cbyHKinin hi(k,p) onpej^ejiaeTCsi HajinnneM ceMencTBa pa3pe30B 
npn k = ±p + im. n ,a,n,e,ui,.../2- B SHepreTnnecKon fc 2 -njiocKOCTn jjaHHaa CTpyKTypa cnHryjiap- 
HOCTefi npe^CTaBJieHa Ha pnc. 1. 

He (pHKCHpyeMaa npe/j;cTaBJieHHeM (32) cbyHKnna hi(k,p) onpe/j;ejiaeTca h&mh h3 ycjiOBna 
opToroHajibHOCTH (30. b). 

In 




Phc. 1: 



B CTaH^apTHOH noTeHn,HajibHoii Teoprra pacceaHiia cnpaBe^jiHBO cneflyiomee jierKO npoBe- 
paeivioe yTBep>K^eHHe - ecjiH BOJiHOBaa cpyHKipia pacceaHiia ya,OBjieTBopaeT ypaBHeHHio LQpe- 
^HHrepa c BemecTBeimbiM jiOKajibHbiM noTemjuajiOM h HMeeT "npaBiuibHoe" aciiMiiTOTiiHecKoe 
noBe^eHiie (6) , to ^aimaa BOJiHOBaa (pyHKixaa pacceaHiia aBTOMaTiiaecKii yn;oBJieTBopaeT ycjio- 
bhk) opToroHajibHOCTH (30. b). B HanieM cnynae cnpaBefljiHBOCTb ypaBHeHna JUpe^HHrepa He 
npe^nojiarajiacb, BCJie^CTBHe *iero ycjiOBiie opToroHajibHOCTH (30. b) aBjiaeTca donoAHumeAb- 

HUM He3aBHCHMbIM yCJIOBHeM. 

Cjie^yeT oco6o OTMeTHTb, hto no^o6HbiH y^eT ycjiOBHa opToroHajibHOCTH ^aeT yHHKajibHyio 

B03MO>KHOCTb BBe^eHHa B TeOpHK) nOnyjiapHblX Cpe^H pa3pa6()THHKOB KBaHTOBblX KOMnblOTe- 

poB Tax Ha3biBaeMbix "3anyTaHHbix" cocToaHHii - fljia 3Toro cjie^yeT jinnib ^onojiHHTb nojiHbra 
eflHHHMHbifi onepaTop b ycjic-BHH opToroHajibHOCTH "3anyTbiBaioiii;HM" npoeKHHOHHbiM onepa- 
topom KOHeMHoro ^e(peKTa. 

riepeiifleM Tenepb k npon;eflype (pHKcaixHH cpyHKHHH hi(k,p). Cjie^ya [6], mm onpe^ejiaeivi 
HHTerpajibHbifl onepaTop R( ■ , ■ ,k,p) paBeHCTBOM 

R(h h rn;k,p) = fi-(p)hi(k,p) - 2iH!f\r]t(q,p) disc fi{p)hi(k,p)) . (34) 

q=p 

YcjiOBne opToroHajibHOCTH (30. b) nepenHCbmaeTca fljia R(hi,Tfi,k,p) KaK crmryjiapHoe HHTe- 
rpajibHoe ypaBHeHne MycxejiHiHBHjiH-OMHeca BH^a 

R{h h 77,; k, p) + R(h h 77,; p, k)* = 2 [G t (k, p) + Q(h l ; k, p)] , (35) 



r^e 

d{k, p) = n-\k 2 - p 2 )- 1 [kR{hi, m;P, k) - pR{hu m\ k > V)\ , (36) 

o 

hi (k,p) = r]i(k,p) disc fi(p), (37) 
Q(hr,k,p) = --(hi(k,q),hi(p,q)) q . (38) 

^aHHoe CHHryjiapHoe HHTerpajibHoe ypaBHemie HMeeT aHajiHTHnecKoe pemeHne 

h t (k,p) = C k (af,hi(k,p)), (39) 
r^e (pyHKn,HH hi(k,p) yijOBjieTBopaeT peryjiapHOMy HHTerpajibHOMy ypaBHeHnio 

hi{k,p) = ~Cl X {ai\ ■)Cp\a l ; - ){Gi{k,p) + s,(A;,p)) - ~(hi{k,q),hi(p,q)) q . (40) 

3flecb Ha npo6Hon (pyHKnnn gi(k) HHTerpajiBHbie onepaTopbi C^{fli\ ■ ) 3a^aiOTCfl no onpe- 
flejiaeMbiM b (14) onepaTopaM • ) cjie,a,yioiu,HM o6pa30M: 



Ct {a V , gi {k)) = J2^\fiA"k)fiiAk)9i(k)), (41) 

v=± 

m, + (k) = {hAk)UAk)), a-W = i, (42) 

a Bem,ecTBeHHO-3HaHHaH (pyHKinifl si(k,p) orpaHnneHa e^HHCTBeHHO ycjiOBHHMH 

Si(k,p) G A^\k :lmk> 0), (43) 
Si(k,p)- aHTHCHMMeTpriHHaa no nepeMeHHbiM k } p Beiu,ecTBeHHO-3HanHafl (pyHKnna 
neraocTH (— 1)(' +1 ) no sthm apryMeHTaM n y6biBaHHH 0(k~ 2 ), 0(p~ 2 ) 
npn \k\, \p\ — > oo. (44) 

3aivieTHM, mto Bee HJieHbi ypaBHeHna (40), 3a HCKJuoneHHeM (pyHKnnn si(k,p), OTBeHaiOT 
(pyHKn;H5iM CHMMeTpHMHbiM no nepeMeHHbiM k,p. TaK hto HMeHHO ocTaiomaaca He3acpHKCH- 
poBaHon (pyHKn,nfl si(k,p) OTBenaeT Bbi6opy KOHKpeTHoro (pa30B03KBHBajiGHTHoro noTeHnna- 
jia (cm. |6J). 

PenieHne ypaBHeHna (40) cymecTBeHHO ynpomaeTca 3a cneT Toro, hto ceMencTBO (pyHK- 
nnn si(k,p), napaMeTpn3yioiu,Hx Kjiacc cpa30B03KBHBajieHTHbix bojihobbix (pyHKnnn, o6pa3yeT 
"3Be3flHoe" ceMencTBO. A hmbhho, cnpaBe^JinBO cne^yioinee 

yTBep^^eHne 1 Tlycmb cftyHKyuu hi(s\ ;h,p), /ij(sj ; k,p) u hi(s\ ; k,p) omeeHawm 
pemeuuHM ypaeueuuH (40), napaMempu3oeaHHUM (jjyHKi^uttMU s\ (k,p), s\ 2 \k,p) u s[ (k,p) = 
as[ 1 \k,p) + (1 — a)s\ 2 \k } p) , coomeemcmeeHHO, npu npou360AbHOM a G (0, 1). Tosda cnpaeed- 
Aueo mocHcdecmeo 

h^as^ + (1 - a)s[ 2) ; k,p) = a/i,(s { (1) ; k,p) + (1 - a)/i,(s{ 2) ; k,p), (45) 

sadatov^ee na ceMeucmee cfiyHKyuu si(k,p), napaMempuaijwv^ux ceMeucmeo pemenuu ocHoeno- 
20 ypaenenusi (40), soMomonuw c a G (0, 1). 
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,HoKa3aTejibCTBO SToro yTBepa<jj;eHHH ocHOBbiBaeTca Ha tom, hto roMOTonna c a G (0, 1) 
He 3aTparHBaeT nepBbie ,a,Ba ajieHa ocHOBHoro npe,a,CTaBjieHHH (32) (T.e., ocTaBjiaeT HHBapn- 
aHTHbiM cyMMapHMH BKjia^, cbo6o,thoh bojihoboh (pyHKn,HH h KHHeMaTHHecKoro pa3pe3a. Tax 
hto, BOo6me roBopa, ypaBHeHne (40) ^ocTaTOHHO peniHTb TOJibKO b o^hom aacTHOM cjiyaae 
s?(k,p)=0. 

Bcjie^CTBHe roMOTonnn (44) Ha npocTpaHCTBe bojihobbix (pyHKniiii B03HHKaeT CTpyKTypa 
paccjioeHHH, KOTopaa HyjK^aeTca b OT^ejibHOM H3yaeHHn. 

7 HeKOTopbie npaKTHHecKHe pe3yjibTaTbi 

B npocTennieM BapnaHTe npeflCTaBJieHHbie Bbiine pe3yjibTaTbi Hcnojib30BajiHCb h&mh paHee |23j 
jijih onncaHHa iViV-pacceaHna b TpnnjieTHOM 3 S% + 3 D\ KaHajie, OTBeaaiODxeM CBa3aHHOMy co- 
CToaHHio ^eHTpoHa. Ilpn 3tom - b OTcyTCTBne HMeiomeroca Ha cero^Ha noHHMaHna npoSjieMbi 
- BKjiafl HecpH3HHecKHx pa3pe30B (to ecTb, yaeT (pyHKinin h[k,p) HMHTnpoBajica MHoronojnoc- 
hoh annpoKCHMaHnen pa3pe30B (cm. pnc. 1), nojio;a<:eHHe h BbiaeTbi b kotopmx (pHTnpoBajincb 
H3 ycjiOBHa a MHHHMH3aHHH cpyHKniin jrecpeKra ycjiOBHa yHHTapHOCTn". /JaHHbie pacceaHna b 
o6jiacTH E'lab < 0.3 Gev BbiSnpajincb cjiejjya cpa30BOMy aHajiH3y Saclay (TaK hto, b aacTHO- 
cth, (pyHKnna £\{k) MeHajia 3HaK npn Majibix 3Hepraax cm. [23].) Ilpn 66jibihhx SHeprnax jjjia 
onpe^ejieHHa (pyHKniiii cpa30Bbix ciXBHroB mm (cjie^ya [25], |26| ) Hcnojib30BajiH cniipajibHbie aM- 
njiHTy^bi Regge-aHajiH3a a b acHMnTOTnaecKon oSjiacTH npaBjieKajia KBapKOByio MO^ejib [27J. 
TpeSyeMaa ajia nocTpoeHHH bojihoboh cpyHKipin aeliTpoHa MaTpnua HocTa CTponjiacb no cne- 
HnajibHOH TeopHH B03MymeHHH |28| . 

SaMeTHM, hto ecjiH jijih cjiyaaa HecBH3aHHbix napnHajibHbix KaHajiOB (pyHKinia HocTa to>k- 
jj;ecTBeHHO coBnajjaeT c onpeaejiaeMoft HHTerpajibHbiM npe^CTaBJieHHeM (13) cpyHKHnen, to b 
MaTpHHHOM cjiyaae sto He Tax. H MaTpnaHaa (pyHKinia HocTa b CTaHjj,apTHOH noTeHnnajiBHOH 
TeopHH HMeeT ocoSeHHOCTb THna k~ 2 b o^hom h3 KaHajiOB. Mm co3HaTejibHO HrHopnpoBajiH 
b |28| 3Ty ocoSeHHOCTb, nojiaraa, hto noTeHnnajiBHyio Teopnio pacceaHna cjiejxyeT Hcnojib30- 

BaTb TOJibKO B oSjiaCTH ee npHMeHHMOCTH. 

Jlio6onbiTHO, hto h cenaac nocTpoeHHaa hsmh b 1981 rojxy BOJiHOBaa (pyHKnna jj,eHTpoHa 
(SWF - Shirokov's Wave Function) o 6jiecTaine onncbiBaeT HOBbie SKcnepHMeHTajibHbie JiaHHbie 
no ynpyroMy ed-pacceaHnio. Bojiee Toro, nojiyneHHbie HeaaBHO SKcnepnMeHTajibHbie JiaHHbie 
no nojiapH3an,HOHHOMy erf-pacceaHHio onncbiBaiOTca tojibko jiaHHoii bojihoboh cpyHKniieii (cm. 
pnc. 2). 

Ha Hani B3rjiajj,, bto oSycjiOBjieHO TeM, hto JiaHHbie BOJiHOBbie (pyHKinin MarKO yanTbiBaiOT 
TeH3opHoe B3aHMO^encTBHe h He npnBH3aHbi ape3MepHO CTporo k noTeHnnajibHon TeopHH Me- 
30hhmx o6m6hob. nocjie/iHee npeKpacHO HjijnocTpnpyeTca, b aacTHOCTH, TeM, hto bth cpyHKnriH 
njioxo (pHTnpyiOTCH CTaHJjapTHon nojj;roHKOH bojihobbix (pyHKi^nn noa, (pyHKHHH Tnna napnjK- 

12 B HeKOTopbix pa6oTax - cm., HanpnMep, |29] h npHBe,n,eHHbie TaM 6ojiee paHHiie ccmjikh - ^aHHaa bojiho- 
Baa cbyHKinia HMeHyeTca MT-BOJiHOBaa (pyHKinia (BOJiHOBaa (pyHKnna My3a(papoBa-TpoHLi,Koro) . IIo^;o6Hoe 
noHMeHOBaHne cjie^yeT BepoaTHO ny6jiHKan,HH |30j . b KOTopoii 3Ta BOJiHOBaa (pyHKinia Hcno.jib30Ba.nacb ,a;jia 
onncaHHa npoijecca ynpyroro ed-pacceaHHa h BBO,a;HJiocb noHMeHOBaHne MT-approach co ccmjikoh Ha [31j. Ab- 
Top HacToameii ny6jiHKai];HH He HeceT otbctctbchhocth 3a o6a noHMeHOBaHHa h HMeHyeT nocTpoeHHbie b [23j, 
CTp. 90, h HHCJieHHO npoTa6yjiHpoBaHHbie no3>Ke b |31| BOJiHOBbie (pyHKiiHH no hx npaBOBoii npHHa,a;jiejKHOCTH 
KaK Shirokov's Wave Functions - cm. pa6oTy [32J, b KOTopoii biahmo BnepBbie 6mjio nojiy^eHO npe^,CTaBJieHHe, 
6jiH3Koe k (32). 
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CKoro noTemjuajia - cm., Hanpiuviep, oinn6ouHyio ny6jiHKannio |33| . r^e KOsdpcpHnneHTM Tshjio- 
poBCKoro pa3Jio>KeHHa (aBJiaBiniieca K03(p(pHii;HeHTaMH no^roHKH Shirokov's Wave Function) 
HapacTaiOT Ha nepBbix bocbmh HjieHax pa3Jio»ceHHH no e~ mirT c e,nHHHiiM ro 10 ! 

B cjieflyromeft paSoTe mm paccMOTpnM ocjiaSjieHHyio (aKcnoMaTnuecKn He 3aMKHyTyio) 
(popMyjinpoBKy KBaHTOBOH MexaHHKH, b paMKax KOTopofi onncaHne KBaHTOBOMexaHnnecKHx 
CHCTeM npoBOflHTca 6e3 npnBjieueHHH npeflCTaBjieHHH 06 acnMnTOTnnecKn CBo6o^Hbix coctoh- 
HHflx pacceHHHH. 

MHorne BonpocM, CBH3aHHbie npeaK^e Bcero c pe3yjibTaTaMH npeflCTaBjieHHMMH b nyHKTe 6, 
o6cy>K^i,ajiHCb aBTopoM c npocpeccopoM Po,n>KepoM Hbiotohom bo BpeMH ero BH3HTa b J1TO 
OH5IH (,ZIy6Ha). H aBTop npn3HaTejieH npocbeccopy Po^»cepy HbiOTOHy 3a MHorouHCJieHHbie 
CTHMyjinpyiomiie 3aMeuaHHH. 
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